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Pre881ire-di8tribUti011  measurements and elevator hinge-mment 
measurements were made to determine t h e  aerodynamic Cha~~Cteri8tiC8 
of a horizontal-tail W e l  having en NACA 6-108 a i r f o i l  section 
equipped wit'n .a 30 -percent -chord sealed unbalanced elevator and 
a 10 -percent -chord plain t r i m  tab &e tests were m a e  fo r  various 
angles of attack and control-surface deflections at Mach numbers 
rangPng from 0.40 t o  0 .go. Eats are presented f o r  t e s t s  made w i t h  
the surfaces of the model smooth and also w i t h  boundary-layer 
transition  fixed at the 0 -10-chord statim by a row of carborundum 
grains en each surface. 

, . . . .  

The result8 of the investigaticn  indicated that for slnall 
elevator  deflecticns and I: c+r Mach numbers up t o  0 .@ no adverse 
changes in the l if t-curve s lopm,  ccntrol-surface  effectivenees, 
and hinge -moment parmeters occurred. At Mach numbers i n  the range 
frcm o .@ to o .go the values of u e  l if t-curve slopes shaped an 
abrupt decroase, the elevator effectivenees decreased  rapidly, and 
the  nega%lve value of rate of change of elevator  hinge-mmnt 
coefficient w i t h  elevator deflection % Increase& abruptly. &e 

tab  effectiveness, however, rewinad a h o s t  c throughout the 
Mach  number range. Fix ing  transit ion at the 
station on both surfaces reduced the values o 
and the elevator 
paramter % wa8 ale0 rduced  throughout 
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6 number range. 

Recent devel e m i t e  have led t o  
the design of a i  ds in  excess of 500 mile8 
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per hour. Up to t h e  prosant time, however, aeroaynsmic data on the 
componcnt mrts of en airplane designed to operate at  thsss. high 
Bpcods have beec lack3n.q. Hence, a comprehonsivo research program 
has b u m  undertaken by the National Advieory Cosanitteo for Aeronautioe 
in orc-ler to eupply W e  Informtian.  References 1 to 4 describe thc 
general aerodynamic characterletice for a wing of high aepect ratlo. 

The t e s t s  reported herein describe tho charactcrflstloe of a 
horizontal-tail model having an NACA 63-108 airfoil soctian and 8 
30 porcont-chord scaled unbalaaced elevator equipped with a 
10 percant-ohord plain t r i m  tab,  Tho tests conaietod of E.aeurementEl 
of the pressuMB at four spanwisc etatiom and olcvator  hinpo momenta 
at Mach numbers ranging f r o m  0.40 to 0.9. Tho roaulter Tnclude the 
prcsaure distributjons, lift, s p n  loadings, pl.tching nmmnt-e, clevator 
hinge momnte, And tab charecturistfcs. Some d a t e .  arc: also p x e e n t d  
which ahow tho effocte  of fixed t m l t i o n  at. tho 10-percGnt-chord 
station on both the upper and lowor eurPaccs of tho llaodcl. 

SYEQBOLS 

ecction chord of model, f o o t  

root-mean-squaro chord of elevator mcraaurod behind hi- 
axj.8, feet (0.136) 

mean aerodpmmlc chord of mdol ,  feet  (0.519) 

olcvator  hinge mumcnt 

etatic proeeure in undisturbed streem 

l o c a l  static prossuro-at polnt on model 

preemm coefficient czq- p, 
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PCr pressure coefficient corresponding to attainment of local 
epeed of sound at same point on model 

9 w c  preesurs in unaistw-a stream ($+) 
S gross area of e e l ,  square feet  (0.998) 

V velocity of undisturbed  stream 

X 

Y 

a 

6 

P 

?h 

m 

Cn 

cm 

c, 

dfstancs along ohard from leading edge of a i r f o i l  Bection 

distance alcmg semispan from center l ine 

angle of attack 

mass deneity of undisturbed stream 

elevator hinge -moment coefficient - 
(b:z2) 

resultant pressure  coefficient aero88 elevator seal 

section normal-force coefficient 

section pitching-mment  coefficient about 25-percent -chord 

%/4 pitching -moment COef f icient &Gut 25 -percent -chord s ta t ion  
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The subscripts outside the parentheaee indicate the factom held 
constant during the meaeurement of the parametere. 

Subscripts : 

L lower Burface of airfoi l  section 

t tab 

tT upper WBCB of airfoil eecticm 
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The h r q l e y  %foot high-speed tunnel, in which the  tes ts  were 
conducted, i a  of the sin@e-return c i r c ~ - c r a s s - s e c t i o n ,  cloeed- 
throat *ne. The air-stream  turbulence i n  the ' amel  is sma.11 but %E 
s l igh t ly  hi&er than in  free air. For these tests the airspeed was 
continuously  ControUable  to a choking Mach  number of 0.99 
(uncorrected f o r  tunnel-wall  interference). 

The horizontal-tsi l  model tasted hed an NACA 65-108 airfoil 
section, an aspect  ratio of 4.01, a taper ratio of 2.01:1.00, and no 
dihedral. The mdel was equipped w i t h  a 0.30~ sealed, unbalanced 
elevator and a 0 .10~   p l a in  trim tab which h& e. span equal to 
50 percmt of the elevator epan. The nos3 radius of the  elevator was 
approximately  one-half the airfoil thickness at the hinge axie. The 
model w a s  conotructed of me&Lum hard brass except f o r  the r?&t 
elevator which w&6 construct;sd of duralumin. Other pertinent data 
fo r  the model &re given i n  f igwe 1 Etnd In tablee I end II. The 
ordinates' for the' NACk 65-mP airfoil sect:on are given i n  table 111. 
From the 70-percent-chord s ta t ion t o  the trailing edge the 
NACA 65-108.afrf0~1 section was modified t o  make the sides of the 
elevator and t r i m  tab st raight .  The model wa8 desiped t o  operate 
w i t h  the camber surface on the bot-. Thus '&e "imer surface'' 
ordinates  epecif iad i n  table I11 are for t h e  c m e r  side of the 
a i r f o i l .  The e ize  of the model was kept small to insure the 
attainment of a 'Mch nuIliber of 0 .gO without c h o k m  the tuIlne1. 

The right  elevator, on whfch the elevator hinge moments were 
measured, was attached to the s tab i l izer  by needle-bearing hinges 
of negligible  fr iction. Details of the scaiod gap between the 
stabi l izer and the right olsvetor 8ra shown i n  figure 1. The 
e lec t r ica l   s t ra in  gage wed t o  mijamre the elevator hinge mmente 
was fastened to  a 8-pocia.l Triction clantp  which also permitt.e& 
adjustnent of the elevator angle. Static cd ibre t ion   tes ta  wGre 
made of t-he right slevator to permit  correction f o r  elevator 
deflection under load; these correctians have bean applied to  the 
hinge -monent data. 

The l e f t  elevator, on whlch pressures were measured, waa 
attached to the s tab i l izer  by m e a m  of f r i c t i cn  hinges. The gep 
betwaen tho s%bilizer md l& elevator was sealed with  shellac. 
Twenty s ta t ic-peesure  or i f icsa  were placed a t  each of four stations 
along tho span on the l e f t  half  of the  horizontal tail nzodsl. The 
epanwise locatlone of the stations In percelit of t h o  semispan are  
15, 40, 70, and 90. The apyoxj.mete chordwise loca%ions of these 
or i f ices  et each station a r e  s h m  in flgures groscntlrq pressure- 

.. 
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die t r ibu t im deta.. T r i m  tabs at fixed anglee of deflectior, of Oo 
and *loo could be-fit ted into the tmillng edge of the elevators as 
shown in figure 1. This type of canetruction simulates hinged trim 
tabe with the e;ap eealed. . .. 

The model was supported in the tunnel by meme of a vert jcal  
isupport plate which is d e s c r i l b d   c q l e t e l y  in reference 1. 

A l l  llft and pttching-nromen-t. data were obtain& fr& preseura- 
dfetrtbutlon measuremente, and ali elevator hhqe-moment data were 
obtained by m3e of the electrical a t r a i n  G e e .  The mea~uements 
were made for txqles  of a t t ack  from - 6 O  to. 5' 'for an elevator 
def1cct;an of  0°, and for ariglcis of 'attsck frm--2° to 5' f o r  
e l e v a t o r   d e f l e c t i a  of +2.5O, *?a, -loo, a.lla S m  of the 
tests were repeated with trim tabs set  a t  def lec t ioy  of flOo on 
the elevator. The Mach rLUmbor range extended fKun 0.40 t o  0.9 
(corrected valued . Data are also ehowr ' f o r  an uncorycted MAch 
number of 0,925. The Reynolds nurubor based on the .  gem aer-c 
chord of the model (0.319 f k r i e d  fr& 1.27 X 10 at a Mach 
number of 0.40 to 1.9 X 10 k at a Mach n&ar of  0.90. Teets were 
=do with a 3--inch-wide a t r i p  of No. 60 carborundum grain8 glued t o  
both the upper and lower eurfacm a t  the 10-percent-chord atation of 
the m o d e l  in order  to  determine the effects  of fixing t m i t l o n ,  

TZ 

The test data praeented herein have Been corrected for'  tunnel- 
wall interferanca; A complete descriptfon of the c o r r e d i o m  i e  
given in roferencs 1. The correcttone have boen a]pplied"to all. data 
obtained at Mach numbers up t o  and includirig 0,gO. 9~ *&tude .of 
t h e  corrections W E  found to be veqv miall, the mA.IirmUn m p c t i o n  
to the Mech number being approxlmatrjly 1 percent. Tho maxim 
corroction to the dynamic presswe was d y  a'b0u-k 2 percent. 

The tunnel choked at t h e  model a t  a Mach number of 0.95. 
Numerous tests have indicated that the data obtained in a wind tunnel 
when It l e  choked at  the model are not agplicable t o  the prediction 
of the aerodyn&mlc cbrac t e r i s t i c s  for f ree  alr ( far  example, 
reference 5 )  and therefore no data are -prea&nted for t h e  choked 
cor$? tlon, There -8 a100 a percmtikle tendency towards choke a t  a 
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Mach  number of 0.923. The results  obtained a t   t h i s  Mach number, 
even i f  completely  corrected for  the usual effects of wind-tunnel 
wall interference, may not,  therefore,  indicate the f l i gh t  
characteristice, m e  data which have been included  herein f o r  a 
Mach  number of 0.925 are therefore-  cansidered t o  be of uncertain 
value, 

RESWLTS "I) DISCUSSION 

Pressure "stribution YIasurements 

Pressure distributions for the  40-percent-semispan s ta t ion   for  
elevator  deflections .of Oo, +-f jO, and -15O and a .tab deflection of 0' 
are prasented  in figures 2 t o  5 .  Sinlilar data fo r  the  40-percent- 
semispan statim ana the ~-percent-semispan  station f o r  an elevator 
deflecticn .of 0' and a tab deflection of -10' are sham i n  
figures '6 and 7. The data shown are cmsldered t o  be repreeentative 
of the Change8 tha t  cccur in  the  pressure  distributions f o r  each 
spanwise s ta t ion and, in  general, f o r  the chordwise  changes i n  
pressure  distkibut-lan diie to con-trol surface aeflectione. The 
effect of control-surface deflectim 611 the chordwiee pressure- 
distribution diagrams i8  shown 'by cmparing  figures 3 t o  6 with 
figure 2.  The effect  of tab deflection on  the chordwise pressures 
at two spanwise stations can be seen by comparing figurea 6 ' a n d  7. 

Normal :Force Characteris  tic8 

The chordwise -pressure  -distribution  diagram have been integrated 
to obtain  section  nomal-force  caelficiente and pitching-moment 
coefficients. These coefficients have been wed t o  determine the 

' *  spanwise variations  in  section  loadings and pitching moments.  The 
spanwise variatfons  in  section loadings for elevator  deflections 
of Oo, t5*, and -15' with  the tab deflected Oo and for an elevator 
deflection of 0' w i t h  the tab deflected ?loo are presented i n  
figures 8 to 1 3 ,  Figdre 1 4  i ~ U 8 k € ~ t e S  the spanwiae variatfon  in 
apart-loading r a t i o  for  elevator  daflectians of Oo and *50b The 
theoretical curve for   the   span- loang   ra t io  has been obtained by 
use of charta presen'ted in  reference 6, The effects of compressibility 
bn the spanwise loading for various elevabr deflections ( figs . 9 
t o  11) are  seen  to be similar to  the effects of the data s h m  for 
zero  elevator  deflection. (See f ig .  8. ) O f  more eignificance , 
however, i s  the fac t   tha t  for all the elevator  deflections (fig. 14) 
no adverse spanwise shift in loading occurred up to an uncorrected 
Mach  number of 0,925, The 0ffec.t of tab deflection on the spanwise 
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loadlng can be seen by canparing f igurea  12 apd 13 with figure 8 
The tab exten& from the root to the 50-percent flemiepan statim, 
and this area is principally  affected by the tab. 

The spaarise load distributions have been integrated to  determine 
the total normal force8 'Ilhe variation of normal-force coefficient 
w i t h  Mach number for several anglee of attack and control-surface 
deflections is presented in  figure 15.. The variation of normal- 
force  coefficient with Mach number f o r  a range of angle of attack 
and elemtor deflection with the k b  deflected 0' and with transit ion 
f ixed  on both aurfaces i s  shawn in  figure 16. Large changes in t h e ,  
normal-force characterist ics f a r  elevator  deflectione Ln the range 
of *:5O generally occurred above a Mach number of about 0.85. !The 
elope of the lift curve (fig- 17) also showed a decrease above 8 

Mach number of 0.85. The decrealje in lift -curve elope C, was 
accompanied by a negative shi f t  in the angle f o r  Zero lift. The 
high Mach numbers attained before them charqee  occur 18 due partly 
t o  the  low aspect r a t i o  (reference 7) and to- the emalT thick nee^ 
r8tio O f  the h a i z m t a l - t a i l  Illodd. 

C t  

F i w e  17 also shows the effect  or compreeeibility on the l i f t -  
curve slope $ produced by deflec'tim of the elevator. For emall 
elevator  deflectione, t he  elope % increased up t o  a Mach number 
of 0 U @  and then decreased rapidly. I n  general, the eievator wae 
effective in  producing change8 in l i f t  for a l l  elevator deflectiane 
tested up to a Mach number of 0.6; however, for amall elevator 
deflectlane (25O) the  effectiveness m a  reduced. (See fig- 15.) 
The control  ewfacee were effective in producing change8 i n  the 
loading over t he  s tabi l izer  anly when the l o c a l  velocit ies over the 
s tab i l izer  remainad subsonic. When the flow over the   a i r fo i l  was 
largely suprmnic, deflection of t h e  control eurface had relatively 
l i t t l e   e f f e c t  an the suporsonic flaw shead of it. (see reference 81) 
This ef fec t  w a ~  par t icu lwly   tme fo r  the mall control-mrface 
deflectione (6 = 5"). &though come control effectiveness was 
indicated for elevator d 0 f l 8 C t l m M  a t  epee& cmaiderably above 
the c r i t i c a l  speed, a bet ter  degree of control  effectivenese can be 
maintained by reeorting to large elevator dsflectfme.  Figure 5 
ehms that f o r  an elevator deflection of -15O for anglee of attack 
of 0' and -2O and up to a Mach number of 0,gW. the preeduree on the 
upper surface were bcreaeed so that no auperecmic velacfties exieted 
on tha t  eurface, For th ie  condition,  deflection of the elevator 
prduced changes i n  IoadAng over the u t ab i l i ze r  upper Burface- Ae 
ehown i n  figure 17, f o r  a large elevator an le ( -1001, the value 
of CNs increases  at,Mach nubera  above 0. b , whereaB  for emall angles 
a lose of effectiveneas is noted. The large anglee, however, require 
the application of 1mge hinge momenta  which may be beyond the physical 
capbil i t ies  of the p i lo t .  
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The elevator  effectivenem  factor q, which  is t h ~  ratio 
of C N ~  to &a, is. sham in f igwe 18. For small elevator 
deflections the elevator  effectiveness  dscrsssed fra a vdue of 0.67 
at a Mach  number of 0 .kO to 0.48 a t  a Mach nmber of 0 . 6  md to a 
value of 0.15 at &p, uncorrected  Mach number of 0.925. 

Transition was fixed at the 10-percent-chord  station in order to 
detemnine the  aerodynanlc  cheractsristics of me horizontal tail w i t h  
a turbulent boundary layer such a8 might  exist over a full-scale tail. 
The most notable effect of fixing thc tramition u&8 the reduction in 
the lift-curve slopes and C& (fig. 17) and Isl eleva"kr 
effectiveness crg (fig. 18). 

Pitching-Momnt  Chamcteristics 

- Pitching-moment  coeffici,ents, baeed on the aerody~xmic chord, 
which  inaicate the twisting  mcPnents that may be encountered on the 
horizontal tall are presented in figure 19. The variation of 
pitching-moment  coc-fficient  with h c h  number (below a Mach number 
of 0.e) for  varioua'engbs of ettack and f o r  elevator  deflections in 
t h o  rmgo of *50 (f tg , 19) is generally smll . For angles of attack , 

of 0' and -2' and f o r  'elevator daflections of -loo and -l'jo the 
pitching-moment  coefficients  showed a continuous positive incrsase 
throughout the Mach number r-e. The.vari&tion-of Fitching-kmnt 
coefficient  wfth  normal-force  coefficient for 6 = 0' ma 6% = 00 
is shown in  figure 20. 

Elevator Hingc-Moment  Chwracteristics 

The variation of "e-maent  coefficient with E;lovator 
deflection is preeentod fn figuras. 21 to 23. Figures 24 and 25, 
which wore obtained from figures 21 to 23, show hinga-mtmeni- 
coefficient  verietion w i t h  k c h  numbor md h~s-n@~~nt-coeffici~n~ 
variation w i t h  angle of cttack, reagectivsly. Tho hirgc-mmnt- 
coafficient  variation w i t h  elevetor deflcctian, &ch nwlber, and %le 
of attack  with trEbnsicJian fixad io sham in figures 26, 27, and. 28, 
respectively. 

No 1RSge changes in tho slcvstor hinge-mmmt caefficien"& 
occurred for small elevator  8eflectians up to a M x h  nuniber of 0.6. 
(See  fig. 24. ) At. greator  Mach  numbers mrked change8 in the hinge- 
moment  characteristics  occurred f o r  a l l  elev&tor  deflectlane. 



, The effect of compresalbility on the usual hinge-moment 
pameters  

d 

iI 
" 

and 

w i t h  Mach number with and wl.thout t r ami t ion  fixed is ehown i n  
figure 29. These slopes are  the average' value6 for -ea of 'attack 
from -10 t o  lo and elevator deflectlone from -lo t o  1 . ~n general, 
the hinge-mument parameters indicated l i t t l e  var!.atimi below a Mach 
number of 0.825. In  the range of Mach number from 0.85 to 0.925 
the hinge-moment parametera ahmed large and irregular variatim. 
Fixing t ranei t ian mile the pararaeter elightly more ne@;atiTe, 

the parameter ch lees negatipe, and lesaened the eeverity of the 
6 

comrpro8sibility effects on both them parameters. 

chcc 

Visual readings of the stmfn-gage recorbing irmtrumnt wem 
=de in order t o  determine the magnitude of the hfnge-maent 
fluctuatians. Low-frequency-hhge-moment fluctuatione were a'bsemed 
which, at a Mach number of 0.9, amDunted t o  approxiIlBately 10 perceI& 
of the value of hinge-moment fluctuation reported in refermce 9. 

Data on average resultant ppres~ure coefficient A€' acrom the 
elevator  aeal are ehown in figure 30. The menilat pressure 
coefficfont aP BCIYIBB t h e  seal may be used in designiw the babace 
of an internally sealed elevator. In general, the variation of the 
resultant pressure coefficient with elevator bflsct;m is approxi- 
mately l fnear  f o r  elevator deflections fram -6* to 5 up to a Mach 
n m b r  of 0.878, For the larger G l e V a t O r  deflections, E- decreaeo in  
reeultant pressure coefficient per degree of elevator deflection 
OCCUFB. A t  the higher Mach numbere, that is, 0.905 and 0.925, a 
decreaee in reeultant pressure coeffl c len t  generally occu2p f o r  
elevator deflectlane from -Ro t o  approximtely 5: w?th CUI increaao 
for the Larger negative elovator deflections. 

Tab Ckracterist! cs 

The abiltty of the tab to prqdace c h w o a  in elevator hinge- 
moment coefficimte I s  ahom in f i g u r o  21. The tab cffectivenees Ch 

Et 
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c l e  presented in flgure 31 which 'ehows th-k tho teb l .8  effeetfve 
throughout the Mach numbor ~.arne,e. Of -1artScular interest ,  however, 
is the sffectfvcnosa of the tab when used a s  a control trimming o r  
bahncing device. The rat6 of c-e of elevator deflection with 

tab deflection to produce zero  elevator hln:;c  moment, -. 

3 R shown i n  f9 gurc 32. In genqd,  the tab was effectivo i n  
trimmjnz the clevator thrgughollt the f&ch numbor 28x8. 'Becauee C 
tncrcased a t  a much fae ta r  rate 3han chg a t  >kch numbers greater 

than 0.85, howover, it m e  found: that approximately 30 percent mrc 
tab deflection m' necaseary to b&lanc6 the elemtpr at  a Mach 
numbor of 0 mw t h m  W&B requirsd at a Mach numbor of 0.40. 

(~JC,, 
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TABU3 I 

DIMENSIONS OF EORIZONTAL-TAIL MODEL 

Horizontal tail: 
Airfoll section . . . . . . . . . .  MACA 65-108 
S ~ ( ~ , f e e t  . . . . . . . . . . . . . . . . . .  2 
Gross area, square feet . . . . . . . . .  0.98 
M. A. C., f ee t  . . . . . . . . . . . . . .  0,719 
Aspect ratio . . . . . . . . . . . . . . .  4.01 
Taper ratio . . . . . . . . . . . . .  2.01:l.OO 

Elevatox 
Span, feet . . . . . . . . . . . . . . . .  1.979 
Gross area of elevator  behind 
hinge axis, square feet . . . . . . . .  0.297 

Root-mean-squpre chord, feet . . . . . . .  0.156 
Ratio elevator chord. to a i r fo i l  chord . 0,300 
Traflfng-edge w e ,  degrees . . . . . . .  9.75 

Tab : 
Number of tabs . . . . . . . . . . . . . . . .  2 
Span of each tab, fee t  . . . . . . . . . .  0.494 
T o t a l  tab area, equare f ee t  . . . .  I . .  0.057 
Mean chord, feet . . . . . . . . . . . . .  0.059 
Rat!.o tab chord t o  elevator chord . . . .  0.333 
Rat-to tab span t o  elevator span . . . . .  0.50 
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